Blastic plasmacytoid dendritic cell neoplasm (BPDCN) 
Introduction
Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare type of hematological neoplasm that was included in 2008 by WHO (World Health Organization) classification among the acute myeloid leukemia and related myeloid neoplasms (1) .
Due to the uncertain ontogenetic origin this entity has been defined with many different terms, such as CD4+/CD56+ agranular cutaneous lymphoma or CD4+/CD56+ hematodermia, blastic NK-cell leukemia/lymphoma, CD4+/ CD56+ hematodermic neoplasm or early plasmacytoid dendritic cell leukemia/lymphoma (2) . In 2008 WHO introduced the term of blastic plasmacytoid dendritic cell neoplasm (BPDCN) (1) . The plasmacytoid dendritic cell origin was suggested first by Lucio et al (3) . This hematological neoplasm has been shown as a malignant counterpart of plasmacytoid dendritic cell (pDC) (4) .
This disease mainly affects older adults but pediatric cases have also been described (5) . It has a male/female ratio of 3-3.5:1 (6, 7) .
In the majority of patients the first clinical manifestations are the isolated or multiple cutaneous lesions that can be plaques, papules, bruise-like areas or subcutaneous nodules. Bone marrow and peripheral blood involvement can be absent or minimal at the diagnosis but develops in a few months with progression of diseases. The other patients present with disseminated disease showing characteristics of an acute leukemia with bone marrow and peripheral blood involvement from the beginning. Also in these cases the skin lesions are frequently present (6) (7) (8) (9) . Lymph nodes and other areas such as spleen, liver, tonsils, mucosa-associated lymphoid tissues, lungs, kidneys, muscles, central nervous system are often invaded (2, 8) . Cytopenia, especially thrombocytopenia, are common at diagnosis (2, 6, 10 great variability (10, 11) . Histopatologically the cutaneous lesions show a mononuclear cell infiltration into the dermis sparing the epidermis and without angiotropism (6, 12) . BPDCN is characterized by the following immunophenotype: CD4+, CD56+, lineage negative (intracytoplasmic MPO-, CD3-, CD79a), CD45RA+/RO-, CD11c-, CD116+ low, CD123+, CD36+, HLA-DR+, CD34-, CD45 low (13) . However, the immunophenotype of the tumor cells can be very heterogeneous and often does not correspond exactly with the mentioned antigen profile (11) . In these cases other pDC specific antigens are useful for diagnosis: BDCA-2 (CD303), TCL-1, CLA (cutaneous lymphocyte associated antigen) (11, 13) .
The clinical course of disease is very aggressive. Despite of initial good response to the multiagent chemotherapy early and widespread relapses occur in the majority of the patients with a median survival of 12-14 months (6, 8, 14) . Different therapeutic approaches were described in the literature but there is no consensus for optimal treatment (10, 14) . Longer survival was reported only in younger patients treated with acute leukemia induction therapy followed by allogeneic stem cell transplantation performed in first complete remission (14-16).
Case report
We report a case of a 55 year-old female patient who presented spontaneous rupture of the spleen. She had a history of 2-months asthenia and progressive jaundice. The blood count revealed normal white blood cell count (WBC), neutropenia, monocytosis, anemia and thrombocytopenia: WBC: 6.95x10 9 /l, Neutrophils: 1.9 x10 9 /l, (27%), Monocyte: 2.92 x10 9 /l, (41%), Hemoglobin (Hgb): 6.82 g/dl, Platelets (Plt): 43.7x10
9 /l. The routine laboratory tests disclosed abnormal liver function: AST (aspartate amino transferase): 88 U/l, ALT (alanine amino transferase): 422 U/l, total bilirubin: 6.7 mg/l, direct bilirubin: 2.9 mg/l, indirect bilirubin: 3.8 mg/l.
Computed tomography scans showed interruption of the continuity of splenic capsule, perisplenic effusion, peritoneal fluid, splenomegaly, hepatomegaly and retroperitoneal lymphadenopathy. The spleen was surgically removed. The histopathological examinationwithout immunohistochemistry -described diffuse proliferation with small and medium-sized atypical lymphocytes with incised nuclei and small nucleoli and diagnosis of marginal zone splenic non-Hodgkin lymphoma (NHL) was established. The histopathological analysis of the bone marrow (BM) biopsy showed interstitial infiltration with atypical lymphocytes characterized by irregular nuclei with inconspicuous nucleoli suggesting the lymphomatous involvement of the BM. Immunophenotyping by flowcytometry from the bone marrow wasn't performed.
The patient received 2 courses of CHOP (Cyclophosphamide, Hydroxidaunorubicine, Vincristine, Prednisolone) chemotherapy and 2 courses of R-CHOP (Rituximab, Cyclophosphamide, Hydroxidaunorubicine, Vincristine, Prednisolone). After the initiation of chemotherapy the laboratory data were normalized but the monocytosis persisted with values between 12-21% in the peripheral blood. Bone marrow biopsy was repeated after 4 courses of polychemotherapy (PCT). The histopathological analysis revealed 5-7% atypical medium-sized cells characterized by irregular nuclei with fine chromatin and inconspicuous nucleoli; the cytoplasm was basophilic and presenting membrane expansion concluding the presence of tumoral cells in the BM.
Due to the unfavorable evolution of the disease the spleen was histopathologically reexamined and immunohistochemistry was performed in another laboratory. The immunohistochemistry showed diffuse infiltration with medium-sized atypical cells in the red pulp and pre-sented negativity for the following tested antigens: CD20-, CD79a-, myeloperoxidase MPO-, CD34-, CD3-, CD5-. In conclusion, the diagnosis of NHL was excluded and undifferentiated malignant cell proliferation -possible myeloid -was suspected.
Due to the discrepancy between the first diagnosis: splenic marginal zone NHL and the second one: undifferentiated (myeloid) malignant cell proliferation, a third immunohistological examination was performed in a third laboratory. The histopathological reexamination of the spleen identified diffuse infiltration with medium-sized cells with blastic morphology. Immunostaining for CD20 was negative on these cells and the marginal zone NHL was excluded. The blastic cells were positive for CD45 and CD56 and negative for CD3, CD10, CD34 and c-kit. The bone marrow biopsy was also reexamined and showed interstitial infiltrate with CD3 negative and CD20 negative atypical cells. Residual hematopoietic tissue exhibited dysplastic features especially in megakaryocytes. The new histopathological result of the spleen excluded NHL and myeloid, NK-cell or plasmacytoid dendritic cell leukemia was suspected. The polychemotherapy was suspended.
The patient was admitted in our clinic with the mentioned medical history after 8 months from the initial diagnosis. She presented fatigue, nocturnal perspiration, erythematous skin lesion on the chest and hepatomegaly. The routine laboratory tests including biochemistry, renal function were within normal range except liver function with elevated value AST: 47 U/l, ALT: 94 U/l, GGT (γ-glutamyl transferase): 151 U/l, total bilirubin: 3.0 mg/l, Direct Bilirubin: 0.87 mg/l. The antigen (Ag) and antibodies for B and C hepatitis and Epstein-Barr virus (EBV) were negative: HBsAg, antiHBs, HBeAg, antiHBe, antiHCV, antiEBV-IgM, antiEBV-IgG. The blood count showed normal WBC count, anemia and thrombocytopenia: WBC: 5.16x10 9 /l, Hgb: 9.5 g/dl, Plt: 80x10 9 /l. The bone marrow smear showed 23% blasts. Morphologically the blasts cells stained with May-Grünwald-Giemsa were pleomorphic with heterogeneous size. The nuclei were irregular or indented with fine to condensate chromatin and small nucleoli. The cytoplasm was slightly basophilic, non-granular with heterogeneous structure some of them presenting microvacuoles or pseudopodia-like membrane expansions (Figure 1) .
Immunophenotyping by flowcytometry was performed. Whole bone marrow sample was stained using stain-lyse-and-then-wash direct immunofluorescence technique for surface markers and fix and permeabilization technique for in- myelo-monocytic markers: CD13, CD33, CD15, CD64, CD14, CD16, CD36, CD11c, CD117, T-cell lineage markers: CD3, CD5, CD7, CD8, B-cell lineage markers: CD19, CD20, CD10, CD22, negative for CD34 ( Figure 2 ) and were lineage negative (intracytoplasmic MPO-, CD3-, CD79a-) ( Figure 3 ). The final diagnosis was blastic plasmacytoid dendritic cell neoplasm in leukemic phase. Unfortunately the patient developed fulminant hepatitis and died in hepatic coma. Autopsy wasn't performed due to the request of the family.
Discussion
Blastic plasmacytoid dendritic cell neoplasm is a rare entity that occurs in less than 1% of all acute leukemias (8), in our laboratory from a total of 272 acute leukemias diagnosed by flowcytometry only 2 were identified as BPDCN (0.73%).
In the majority of the cases the first clinical manifestations are the asymptomatic solitary or multifocal skin lesions (6) (7) (8) . The particularity of this case was the unusual onset of disease, namely spontaneous rupture of the spleen. To our knowledge, spleen rupture has never been reported to be the first clinical manifestation. Erythematous skin lesions on the chest appeared after 7 months from the initial diagnosis.
The pleomorphic morphology and the immunophenotypic heterogeneity of the tumor cells may be the source of diagnostic pitfalls in BPDCN (11) . In our case the incomplete histopathological analysis of the spleen and BM without immunohistochemistry and immunophenotyping was the principal source of the misdiagnosis. The second and third histopathological examination with immunohistochemistry excluded the diagnosis of NHL, but the antibody panel used was still insufficient to make the correct diagnosis. The final diagnosis was established by immunophenotyping using a broad panel of monoclonal antibodies.
BPDCN was initially characterized by expression of CD4+ and CD56+ in the absence of lineage specific markers of B-, T-lymphoid, NK-or myelomonocytic cells. Garnache-Ottou confirmed that this profile is specific to BPDCN and wasn't described in any other form of acute leukemias (13) . The diagnosis of BPDCN relies on the immunphenotype of the tumor cells: CD4+, CD56+, lineage negative (intracytoplasmic MPO-, CD3-, CD79a-), CD45RA+/RO-, CD11c-, CD116+ low, CD123 +, CD36+, HLA-DR+, CD34-, CD45 low (13) . However, several studies reported cases that do not fit completely with this antigen profile or expressing different lineage antigens. Cota et al described cases with negativity of CD4, CD56, CD123, TCL-1 (11). Co-expression of CD33, CD7, CD2, CD117, CD22 was reported in several cases (17) (18) (19) . In our patient, the immunophenotype of the blast cells from the BM aspirates show the antigen profile described for BPDCN except CD36 that was negative and CD11b and CD2 that were partially positive. The clinical differential diagnosis in this case includes: splenic B-or T-cell lymphomas, NK/T-lymphoma and acute myelo-monoblastc leukemia and lymphoblastic leukemia. B-and T-cell lymphomas were excluded both by immunohistochemistry and flowcytometry. All tested B-cell markers: CD19, CD20, CD10, CD22 and T-cell markers: CD3, CD5, CD7, CD8 were negative except CD2 that was partly positive (54%). NK/T-lymphomas are differentiated by the presence of azurophilic granules in the cytoplasm and frequent association with EBV infection. Expression of CD56, CD7, CD2 can be common in NK/T-lymphoma and BPDCN but NK/T-lymphoma do not express CD4 (20) . Some acute myeloblastic and lymphoblastic acute leukemias may express CD4 and CD56 (21) but another lineage specific surface and/or intracytoplasmic antigens should be expressed to confirm the diagnosis (22), so we excluded myeloblastic or lymphoblastic acute leukemia. Monoblastic and monocytic leukemia usually express CD4+ and CD11b+ together with markers characteristic of monocytic differentiation: CD64+, CD14+, CD11c+, CD36+. Aberrant expression of CD56+ is found in 25-40% of cases (1). CD14 is typical marker for monocytes but this marker is present only during the intermediate to last differential stages of monocytes. But CD64 is present during the earlier stages to last differential stages of monocytic maturation and this marker is required for identification of early monocytic cells (23) . In our case monocytic lineage specific markers were not present and monoblastic acute leukemia was excluded. CD123 can be present in acute leukemia but the high expression of CD123 is a strong argument for pDC origin (13) .
The optimal therapeutic approaches for BP-DCN have not been established. CHOP chemotherapy protocol was described in several studies for treatment of BPDCN with a median survival of 12 months (10, 14) . The evolution of the disease was similar as described in literature (7, 9, 10, 15, 16) . Despite of good response to initial treatment early relapse occurred with aggressive progression of the disease and patient died due to fulminant hepatitis and hepatic coma after 9 month from the initiation of PCT.
Conclusion
The atypical onset of disease, the pleomorphic morphology of neoplastic cells, deficient histopathological analysis and insufficient antibodies available for immunohistochemistry were the sources of diagnostic pitfalls in this case.
Due to the diversity of the clinical presentation, morphology and immunophenotype of BPDCN the diagnosis of this rare form of hematological malignancy remains challenging. Immunopheotyping by flowcytometry is superior to immunohistochemistry because of the availability of a larger panel of antibodies and the possibility to identify the intensity of antigen expression.
The atypical forms of BPDCN should be recognized early in order to manage properly the patients with this aggressive hematological malignancy.
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